To assess the prevalence of tuberculous infection and the annual risk of tuberculous infection (ARTI) for 2007-2009 in Bangladesh, approximately 45 years after the first tuberculin survey in 1964-1966. Methods: A tuberculin survey was conducted along with the National Tuberculosis Disease Prevalence Survey in 2007-2009. This was a multistaged community-based, cross-sectional survey, including 17718 children aged 5-14 years. The prevalence of tuberculous infection was estimated using the mixture method and a cutoff point of 8 mm.
The Prevalence of Mycobacterium tuberculosis infection is an indicator for tuberculosis (TB) transmission in a community and may be used to monitor the burden of disease. 1 Knowledge of the TB burden and its trends is imprecise in Bangladesh 2, 3 The prevalence of smear-positive cases was reported in two TB prevalence surveys at 318 per 100,000 population in 1964-1966 and 910/100,000 in 1987-1988. 4,5 The recently conducted 2007-2009 National Tuberculosis Prevalence Survey (NTPS) reported a markedly decreased prevalence of 79.4 smear-positive cases/100,000 in those aged 15 years. 6 .
The causes of the decline in TB prevalence may be the result of successful TB control, socio-economic development 7 or concurrent development in other non-health sectors. 8 Cure rates in the National Tuberculosis Programme (NTP) increased from 75% in 1993-1995 to >90% in 2011, 9, 10 while the gross domestic product per capita increased from US$594 in 1994 to US$1584 in 2010. 11 As the NTP wished to examine whether the decline in TB prevalence was accompanied by a similar decline in the risk of M. tuberculosis infection, a national tuberculin survey was embedded in the latest NTPS. The only national tuberculin survey conducted in Bangladesh was in 1964-1966. 4 A reassessment of the survey data revealed some methodological problems, making the results for the 5-9 years age group questionable. 12 These included the probability of reduced sensitivity in children aged 5-9 years due to lower age and the low doses of antigen used (1 tuberculin unit [TU]), not reaching some of the remote areas, and the inability to read tested persons in some instances. 4, 12 In this article, we report the results of the 2007-2009 tuberculin survey. The results will provide an estimate of the annual risk of tuberculous infection (ARTI) following countrywide implementation of the DOTS strategy in the 1990s.
Materials and Methods

Setting
The survey was conducted by the Bangladesh NTP in collaboration with the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), with the support of the World Health Organization (WHO) and the KNCV Tuberculosis Foundation. As in the 1964-1966 survey, we included children aged 5-14 years. School attendance for children aged ≥ 12 years (secondary school) is considerably lower than for younger children in Bangladesh, with greater drop-out rates between primary and secondary schools among girls than among boys. 13 For this reason, we conducted a community-based survey to avoid the bias likely in a school-based survey.
Design
The survey was carried out in children from 20 urban and 20 rural clusters. Stratified cluster sampling (by urban/rural) was performed, with sub-districts being selected with probability proportional to population size. A mauza or muhallah (smaller geographical units) from each sub-district was then selected by simple random sampling. In each cluster, inclusion of households started with random selection of an initial household after which other households were added consecutively following a pre-defined direction until the required sample size was achieved. 14 The selected households were visited several times to include as many eligible children as possible.
The sample size was calculated on the basis of an assumed decline in infection prevalence in children aged 5-9 years from 4.1% to 2.5% between 1964 and the current survey, and from 13.6% to 10% in those aged 10-14 years. With an anticipated participation rate of 90%, a design effect of 3, a significance level of P <0.05 and a power of 90%, the survey required a total study population of around 15,000. Given the operational context of the NTPS of which this tuberculin survey was a part, we anticipated that 500 children per cluster would be available from the same households, giving a total sample size of 20,000.
Skin testing survey
All children aged 5-14 years who were resident in the selected households were eligible for inclusion. Only children whose legal guardians provided written informed consent were included. Children who were severely ill, mentally retarded, those with a history of convulsion or who had severe skin rashes were excluded.
Inclusion of the children started at the first household of the cluster and ended with the inclusion of all the children of the household in which the 500th child lived. After enrolment, bacille Calmette-Guérin (BCG) status was checked and children were tested using intradermal administration of 0.1 ml of tuberculin containing 2 TU of purified protein derivative RT23 with Tween 80 (Statens Serum Institute, Copenhagen, Denmark) in the ventral aspect of the left forearm, regardless of BCG status. 1, 15 Skin reactions were read after 72 h using a transparent ruler. Children who had been administered tuberculin but were not present for reading were traced and examined on the following day.
Parents were informed of the results and advised if any measures were necessary. All children with indurations of ≥15 mm were referred to the nearest diagnostic centre for clinical evaluation and management per NTP protocol. 16 
Quality control of tuberculin testing
The design of the tuberculin survey followed the standard guidelines of the WHO/International Union Against Tuberculosis and Lung Disease for conducting tuberculin skin test (TST) surveys in high-prevalence countries. 1, 15 Tuberculin testers received training by two international tuberculin reference nurses. Several refresher and on-the-job training courses were carried out to maintain adequate standards. A random sample of the children was read a second time by another tuberculin reader blinded to the initial results. If serious discordances were identified by the double reading, additional training in the reading of tuberculin results was provided.
The survey protocol was approved by the research review and ethical review committees of the icddr,b. The protocol, along with the NTPS, was approved by the Ministry of Health and Family Welfare of the Government of the Peoples' Republic of Bangladesh.
Statistical analysis
This protocol followed recent recommendations to include all children, 15, 17 irrespective of BCG status, for analysis. An initial frequency distribution was drawn to identify digit preference or any other distribution pattern. Data were smoothed by applying a moving average of five.
We used a mixture analysis for the study. We also explored the prevalence of tuberculous infection with a fixed cut-off point indicated by the graphic distribution obtained from the initial mixture analysis. The mixture method disentangled the overall distribution of the TST reaction sizes used in the cut-off method into separate distributions due to M. tuberculosis, non-specific causes (other mycobacterium, BCG) and non-infected individuals. 18 This allowed for a more precise estimate of the prevalence of infection by M. tuberculosis. The method is not new and had been successfully used in the analysis of previous TST surveys. It is a Bayesian Markov Chain Monte Carlo simulation approach which calculates a posterior distribution of the prevalence of tuberculous infection with its associated interquartile ranges (IQRs). The cut-off method provided a single prevalence estimate with associated confidence intervals (CIs).
We assessed the fit of three parametric models (normal, log-normal and Weibull) to describe M. tuberculosis infection, and two models (log-normal and Weibull) to describe distribution among non-infected children. A model fit for each of the six possible combination models was assessed by examining maximum log-likelihood values, percentage of predictive failures and analysis of the graphical distributions of reactions. From the graphs produced by the distribution of indurations, a fixed cutoff point was chosen to estimate the prevalence of tuberculous infection using the conventional cut-off method. ARTI was estimated according to the following formula: ARTI = 1 − (1 − prevalence)( 1/average age) . 19 In secondary analyses, we explored the relationship between tuberculin indurations and the socioeconomic position (SEP) of the household, and between tuberculin indurations and exposure to an adult with TB in the same household. SEP was assessed by validated asset items for each of the households included in the latest NTPS. A principal component analysis generated household scores and these were categorised in tertiles. Children belonging to a particular household were attributed the assets of that household. Details of the method used is described elsewhere. 20, 21 Data analysis was performed using the statistical package Stata, v. 10.0 (Stata Corp, College Station, TX, USA), and software 'R', version 2.4 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Of 22,309 children included in the survey, 20,285 were eligible for the study. Among the children eligible, 2103 (10.4%) were absent and 364 (1.8%) refused or were excluded. A total of 17,718 (87.3%) children were included as study participants. There were no marked differences between those analysed and those who were not with respect to sex, age group, setting, SEP or exposure to TB in the household (data not shown). All study participants were tested with tuberculin, and almost all of them (99.3%) were read for reaction sizes. BCG scars were present in >85% of children, irrespective of age (Table 1) . The percentage of non-reactors (indurations = 0) was 76.6% in those aged 5-9 years, and 63.1% in those aged 10-14 years. More than 50% of the reactors in the 5-9 years age group and 46% in the 10-14 years age group had indurations of between 1 and 8 mm (Figure 1 ). 
10-14 yrs
There were few predictive failures in any of the combinations in the mixture analysis; combinations did not differ much in their maximum log-likelihood estimates. Among all combinations, the ln/ln graph showed a modest bimodal distribution with an anti-mode at 8 mm ( Figure 2 ). This cut-off point was used for analysis based on the conventional fixed cut-off point approach. Applying the mixture method, the prevalence of tuberculous infection was respectively 10.0% (IQR 8.6-12.2) and 17.9% (IQR 15.4-20.2) in those aged 5-9 years and 10-14 years. Using a cut-off point of ≥ 8 mm, the prevalence of tuberculous infection was respectively 12.4% (95%CI 11.7-13.1) and 22.6% (95%CI 21.6-23.4) in those aged 5-9 years and 10-14 years. The estimated ARTI for 5-9 years was 1.5%, while for the 10-14 years age group it was 1.7% using the mixture method. This was respectively 1.9% and 2.1% for both age groups using the fixed cut-off point at ≥ 8 mm ( Table 2) . The 2007-2009 survey identified only 33 new smear-positive pulmonary TB cases. 6 Nineteen children were from households where a TB case was diagnosed during the survey and were considered exposed to a TB case. Among the children with exposure to a TB case, 9 (47.4%) had indurations of ≥ 8 mm compared to 2934 (16.7%) children without exposure to a TB case (odds ratio [OR] 4.5, 95%CI 1.7-11.9; Table 3 ). 
Discussion
This tuberculin survey was conducted nearly 45 years after the first survey carried out in 1964-1966. There is therefore only limited information available to put this estimate into context. The 1964-1966 survey provided valid data only for the 10-14 years age group using the cut-off method with an 8-mm threshold. The prevalence of tuberculous infection was 34.4%. 4, 12 The new prevalence of tuberculous infection in the same age group using the same methodology was 22.6%, showing an average decline of nearly 1% between the two surveys. This indicates that despite the efforts of the NTP, there has been little improvement in curbing the risk of tuberculous infection in the community since 1964. This is in sharp contrast with the reported decline in the prevalence of smearpositive TB in the community, from 318/100,000 in 1964-1966 to only 79.4/100,000 in 2007-2009, 6 an annual decline of approximately 3.2%. A lower prevalence of infectious TB patients reduces TB transmission within the community, which should be reflected in a decline in the prevalence of tuberculous infection. Ascertaining the reasons why this has not been observed in Bangladesh is challenging.
We have shown earlier that the NTP does not have adequate coverage among the poorer population groups of Bangladesh. 21 Higher TB prevalence among the poor, combined with delays in care seeking and treatment, 22 may create a favourable environment for transmission. Our results, however, do not show any association between the prevalence of tuberculous infection and SEP, although they indicate a clear relationship between induration size and TB exposure. This would suggest that TB transmission in our study was not influenced by SEP. However, our methods of data capture (for either SEP or prevalence of infection) might not be strong enough to establish such an association.
SEP distribution in the survey population was based on an asset score, which provided a relative classification of SEP rather than an absolute measure. Although the distribution of assets-based SEP was homogeneous in relation to the underlying absolute SEP, the method was insufficiently sensitive to detect a relationship between the SEP and the prevalence of tuberculous infection. Data on the relationship between tuberculous infection and SEP were not unanimous, despite the obvious link given the higher prevalence of TB in this setting. In South Africa, Mahomed et al. reported that low income and low education levels (factors strongly associated with SEP) increased the risk of latent tuberculous infection. 23 In contrast, Boccia et al. showed that in Zambia the risk of tuberculous infection was associated with a higher SEP. 24 The ability of a tuberculin survey to measure the prevalence of tuberculous infection might be questionable in itself, given the well-known limitations in design and analysis. 19 We used a strict quality control strategy comprising training, monitoring and retraining to obtain high-quality data. Analyses were performed after smoothing of the data, and the mixture method was used instead of the crude cut-off approach. This strategy minimised the methodological problems seen in tuberculin surveys as much as possible. Problems with TST measurements and analysis can probably be overcome by using interferon-gamma release assays (IGRAs) as an alternative to TST, not only for their high specificity but also because the results are not affected by BCG vaccination status, 25, 26 although IGRAs are costly and technically challenging in low-resource settings. 17 The limited decline in ARTI or prevalence of tuberculous infection in Bangladesh in this study should be interpreted with caution, as not only were the two tuberculin surveys conducted 45 years apart, they differed methodologically with respect to sampling and the use of reagents for testing (1 TU instead of 2 TU); 4 also, considerable societal and programmatic changes have occurred in the intervening period. Despite this, the current study provides the first estimate of the prevalence of tuberculous infection after the nationwide implementation of the DOTS strategy. As such, it can serve as an important starting point for further studies. Despite the limitations of tuberculin surveys, multiple surveys with identical methodology in an appropriate time frame have been shown to provide information on trends. 18, 27, 28 Assessing the association between SEP and the risk of tuberculous infection should be conducted in specifically designed studies to ensure maximum power and attribution. Such studies will be of benefit to the Bangladesh NTP in designing interventions for effective TB control.
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